The last decade has seen some very substantial volatility in the prices of commodities. Periods where oil traded over $100/barrel and gold traded at in excess of $1000/oz are two of the most widely noted cases. For equity investors, it can be challenging to identify suitable stocks in which to invest in order to benefit from the rising commodity prices. Gorton and Rouwenhorst (2006) note that in many cases it is difficult to match companies with commodities since very few are a "pure play". For example, an oil company may also produce natural gas whilst a silver miner can extract base metals at the same time as the precious metal. McDonald and Solnick (1977) and Blose and Shieh (1995) show that resource stocks are a leveraged play on the underlying commodity although the precise amount of this effect is less well defined (see Tufano, 1998) . In contrast, Gorton and Rouwenhorst (2006) report that commodity stocks considerably underperformed a portfolio of "matching" commodity futures over a period of forty years. Furthermore the two groups have only weak positive correlation. The popularity of 'Harvard'-style diversified portfolio investing has also encouraged further study of commodities as an asset class, (e.g. see Swensen, 2009 ) while 'trendfollowing' (or 'momentum') investment strategies are increasingly incorporating commodity futures or ETFs as an additional, 'diversifying' asset (e.g. see Faber, 2009 ). Further, mean-variance optimised and liability driven portfolio strategies often incorporate novel asset classes including commodities (see Bekkers et al, 2009 ).
The aim of this paper is to investigate the commodity-commodity stock relationship using evidence from the gold mining industry, which offers one of the purer plays currently available to investors, and to assess whether this can be utilized to aid investment decisions. We find that a simple, well-specified model can be constructed to explain movements in gold indexes based on real interest rates and the relation between the underlying gold price and an index. Furthermore we observe that investors' market timing in trading gold exchange traded funds between 2005-09 has been detrimental to their returns compared to the expected average.
Gold Indexes vs the Gold Price as Investment Metrics
Throughout this paper we refer to two widely followed North American gold indexes; namely the Philadelphia Gold and Silver Index (hereafter XAU) and the NYSE Arca 1 Gold BUGS (Basket of Unhedged Gold Stocks) Index (hereafter HUI). The XAU index is a market-capitalization weighted index whilst the HUI is a modified equal dollar weighted index. 2 The XAU is one of the longer running gold indexes having been used since the introduction of options trading on the index in December 1983. In turn the gold/XAU ratio has become something of an investment tool for discerning when it may be appropriate to purchase gold equities. 3 Figure 1 demonstrates the behaviour of the gold/XAU ratio from 1983 to September 2009, along with the subsequent 1-year change in the index. As there is no total return index for the XAU, the right-hand y-axis reflects index point changes. It can be seen Abelson (2006) and Sergeant (2007) .
that the ratio has tended to oscillate between 3.0 and 5.0 for much of the time frame. A high value of the metric suggests that gold equities are relatively undervalued compared to the physical metal whilst a relatively low ratio implies the reverse. Table 1 reinforces this notion with values of gold/XAU in excess of 4.5 having been associated with substantial index increases whereas ratios less than 3.5 have been associated with poor performance.
However, using this metric in a practical investment approach may be problematical, firstly due to the composition of the XAU index. Hamilton (2001) provides an explanation that at various times the XAU has not provided the proxy for exposure to gold price changes that might have been anticipated.
For example, in 2001 the second largest component (15% of the index at the time) was Phelps Dodge, a firm that was primarily a copper company with only relatively small gold production. Also, a large portion of the XAU has historically been made up of companies that have hedged very significant amounts of their gold production for several years forward (Hamilton, 2001) and to this extent the exposure of the XAU to changes in gold prices has probably been dampened in the past. Jin and Jorion (2007) find no evidence that hedging increases gold mining firms' values, consistent with evidence presented by Jin and Jorion (2006) from the oil industry. Callahan (2002) reports that aggressive hedging does not maximise shareholder wealth.
Indeed, there have been instances where gold producers have had such large hedge positions that a rise in the price of gold actually caused financial difficulties. 4 Tufano (1998) In contrast, the HUI index was created in June 1996 such that only companies with no hedging in excess of 1½-years are considered for inclusion. As such, the profits of the constituent firms of this index should be much more closely correlated with the spot gold price. Faff and Hillier (2004) report that the factors affecting South African and Australian gold miners differ from those found by Tufano (1998) Hamilton (2004) , it is conventionally used with gold as the denominator. This contrasts with the gold/XAU ratio.
a monthly basis using the dividends paid by the constituents. Since the dividends are generally relatively low or zero, we believe our data pre-1999 is a reasonable proxy for total HUI returns.
Gold Stocks and Sensitivity to the Gold Price
It has generally been accepted that commodity stocks offer a degree of leverage to the price of the commodity that they produce. In an informal survey of gold company managers, Tufano (1998) found that they expected a 1% increase in gold to lead to a 3% to 10% increase in their stock returns.
This was considerably higher than the estimate of the gold beta of 1.88
observed by Tufano over the period 1990-94. During these years the gold price averaged around $360/oz and it was reported that a significant negative relationship existed between the sensitivity of gold share returns and the gold price, i.e. as the gold price rose so the gold beta declined. We estimate the market model as employed by Tufano (1998) for the returns on the HUI index using Equation 1:
where R HUIt is the estimated return on the HUI index, R mt is the monthly return on the S&P 500 and R gt is the monthly return on the gold price. 9 The coefficient β HUIg is the gold beta or an estimate of the sensitivity of the HUI's returns to a 1% change in the price of gold after controlling for broad changes in the overall equity market. Gold betas can vary quite considerably over short periods and, as we are interested in longer-term trends, we use a longer period for calculating these than Tufano (1998) . Figure 3 shows the results of a monthly calculation of the gold beta using all of the data available each month beginning in June 1996 and a 4-year rolling beta value, along with the price of gold. It can be seen that the gold beta peaked around the end of 2002, a little after the bottom in the physical market. Given that this is a rolling multi-year value, this is consistent with prior evidence of the inverse relationship. From 2003, the gold beta has generally declined as the gold price has ascended. The low point in 2007-08 was around 1.5, however, this has subsequently risen as the extreme volatility surrounding the financial crisis has fed into the gold beta. In general, we find evidence to support Tufano's (1998) observation that the gold beta is lower than perhaps expected.
Explaining Gold Index (HUI) Returns
We now consider the effectiveness of using the HUI/gold ratio along with an additional variant to explain subsequent HUI returns. The two measures we employ are the standard ratio and a ratio that includes a fixed leverage to the gold price. For the fixed leverage ratio we assume that the sensitivity to gold prices is maintained at 1.88 based on Tufano's (1998) 
Real Interest Rates and Gold
We now consider whether the introduction of the real interest rate can improve the explanatory power. Barsky and Summers (1988) observe that in the US between 1973 (when the gold market became free of government operations and "genuine" market price was reached) and 1984 (when their study ended), there was a highly significant negative relationship between the real interest rate and the price of gold. They argue that the willingness of investors to hold gold varies according to the anticipated real returns for other assets. A potential problem of the approach using gold-HUI metrics to determine allocations to gold equities is that whilst the stocks might be relatively cheap compared to the metal, if the metal itself is expensive and then declines in price then intuitively it seems unlikely that the equities will be good investments. To this extent it seems logical that the inclusion of a variable in the model that has some ability to explain the change in the gold price itself would be a valuable addition. Table 4 presents the results when the real interest rate is introduced as an additional explanatory variable in the equations used in Table 2 for estimating subsequent HUI returns. Firstly, it is noticeable that the explanatory power of all the equations increases substantially and that real rates alone explain over 27% of the variation in HUI returns. The coefficient has the anticipated negative sign consistent with that observed earlier in regressions explaining gold prices. Introducing the real rate does not affect the sign on the coefficients of the gold-HUI metrics.
10 The Newey-West (1987) correction is applied.
Clearly these results have benefited from the relationship between real rates and gold prices being strongest during the period under consideration (Table   3 shows that the real rate-subsequent gold price relationship was strongest during 1995-2009); however it still provides considerable support for real interest rates being an important factor in explaining gold equity returns.
Forecasting Gold Index (HUI) Returns
The regressions run so far are all within sample and thus are perhaps not the most objective measure of the effectiveness of gold-HUI relationships for tactical asset allocation. To examine the strategic value of the metrics we consider using a trading rule base on the regression models in Table 2 and compare these with a buy-and-hold approach. For each of the regression methods, forecasts of annual HUI returns are generated beginning after 60 months of observations being available. Both a recursive approach, using all available data, and a rolling approach, using the most recent 60-months of data, are tested. Each month's forecast is compared with the current return available on cash, as defined by the 3-month T-Bill rate. If the forecast is in excess of the cash yield then a long position is taken in the HUI index, if not then a position in cash is taken instead. The buy-and-hold approach simply involves holding a long HUI position throughout the whole sample period.
Results are reported both excluding any penalties for switching asset classes and also with a transaction cost of 0.5%, to reflect brokerage fees, dealing spreads and order slippage; on each occasion a move into or out of the HUI occurs after the initial allocation (this is accounted for when making the switching decision based on the regression forecasts). The inclusion of transaction fees reflects that some methods will involve a greater degree of trading and that this is not a costless exercise. It is accepted that the period over which this strategy is tested is relatively short but this is an inevitable consequence of the equally short existence of the HUI index. Nevertheless, it does serve as an illustrative demonstration of a trading approach to seek to take advantage of the relationship between the prices of gold stocks and the metal itself. recursive forecast with transaction costs having a higher return than the same model without transactions costs is due to the friction of the costs actually avoiding, with the benefit of hindsight, an unsuccessful asset allocation switch.
Panel B shows the results of using the regression equations that incorporate the real rate to generate forecasts. Firstly, the performance of the trading strategies of the gold-HUI metrics combined with real interest rates is generally much improved compared to the results in Panel A (with the exception of the HUI/GOLD rolling forecast). We also note that the real rate alone provides fairly good forecasts. Finally, Panel C reports the results of a buy-and-hold approach. This is clearly the most successful of all the results with both the highest compound annual return and Sharpe ratio. Only one gold-HUI model came within 1% of the compound annual return of the buyand-hold method. It should be noted though that for much of the period of study gold stocks were in a bull market and thus forecasting may be more useful in periods where prices demonstrate more variability.
Gold Exchange-Traded Funds and Investor Timing
The last decade has witnessed a substantial increase in investor demand for exchange-traded funds. As an example, the Financial Times 11 reports that ETF assets under management rose from less than $100bn in 1999 to over This can be used to estimate the cash inflow/outflows over a particular period of time and thus to gauge investors' market timing abilities.
11 ETF supplement in 1 st February 2010 edition. 12 For GLD data see www.spdrgoldshares.com and for GBS data see www.etfsecurities.com. Friesen and Sapp (2007) examine the timing ability of mutual fund investors using cash flow data at the individual fund level for the period 1991-2004.
They observe that timing decisions reduce the average return by around 1.6%
annually. We apply the methodology of Friesen and Sapp (2007) to the two gold ETFs described above to study investors' market timing ability with these instruments. This is achieved by comparing the geometric monthly average return, r g , with the money-weighted average monthly return, r mw , over the same period. The money-weighted average is defined as the rate of return at which the accumulated value of the initial total net asset value plus the accumulated value of net cash flows equals the total net asset value at the end of the period in question.
Equation 2 where, Equation 3 and NCF j,t denotes the monthly net cash flow for ETF j in month t, and TNA j,t is the total ETF capitalization for ETF j at the end of month t.
Initially, we follow the method of Friesen and Sapp (2007) by using end of month data and assuming that all cash flows are discretely invested at the end of each monthly period. We then take advantage of the daily data available to calculate the money-weighted return assuming all net cash flows occur discretely at the end of each day. In both cases, the performance gap is calculated as the difference between the geometric return and the moneyweighted return, r g -r mw . Table 6 reports the arithmetic, geometric and money-weighted returns along with the performance gaps for both GLD and GBS for the period from January 2005 to September 2009 inclusive. Considering the GLD ETF, it is observed that the monthly arithmetic return is 1.59% and the geometric return is 1.44%
per month over the whole period. The monthly average money-weighted return for the same duration is 1.31% creating a performance gap of 0.13%
per month or approximately 1.6% per annum. This is very similar to the evidence presented by Friesen and Sapp (2007) for mutual funds. When the money-weighted return is calculated using daily data, the average value is estimated as 1.29% and the performance gap is slightly larger at 0.15%. The second panel of Table 6 reports the returns for the GBS ETF which is traded in the United Kingdom. 13 Performance gaps over the whole period are of a similar magnitude to that of GLD at 0.16% using the monthly data and 0.17% using daily data. 
Conclusion
We have investigated the relationship between gold producing equities and physical gold prices and found, consistent with the evidence of Tufano (1998) , that the sensitivity of gold equities to the gold price is not constant. We note that this sensitivity has declined quite considerably in recent years as the gold price has advanced. We also compared the various metrics based on the relative value of gold stock indexes to the price of gold as predictors of future returns to gold equities but found that the explanatory power was generally quite low. The introduction of real interest rates made a significant difference.
This highlighted a negative relation with subsequent changes in the underlying gold price as well as being significantly negatively related to subsequent gold equity returns. It was observed that both the substantial increases in gold prices during the period of study from 1975-1980 and from 2001-2007 began during periods of negative real rates, whilst the decline in gold from its 1980 peak was accompanied by a period of tight monetary policy.
However, for this sample period, a simple forecasting method using both gold-HUI variables and the real interest rate did not improve on the returns of a buy-and-hold approach. Finally, we examine the market timing decisions of investors in gold exchange-traded funds. We note that, in aggregate, investment timing decisions have diminished returns by over 1.5% annually.
These observations are supported by both monthly and daily timing methods and are consistent across instruments traded in both the United States and the United Kingdom.
Looking ahead, if real rates stay low, or indeed negative, driven by central bank policies then we can expect continued strength in gold prices. However, tactical market beating strategies are not necessarily robust and investors should consider the passive (ETF) alternative. 
